the potential supply-side effects due to bST with
ovine~~~~~~ ~and there is a supply, but not a demand-side effect; Bovine somatotropin (bST) is anaturally occurring (3) bST is available in 1992, and there is a supplyprotein produced in the pituitary gland of dairy cows side effect and a fluid, but not a manufactured, that regulates milk production. Through advances in demand-side effect; and (4) bST is available in 1992 recombinant DNA technology, synthetic bST can and there is a supply-side effect and a fluid and now be manufactured and injected into cows to manufactured demand-side effect. For all four sceincrease milk yields.
While not yet commercially narios, it was assumed that the policy provisions of available, trials in experimental herds throughout the the 1990 Food, Agriculture, Conservation, and Trade nation have shown that cows in well-managed herds Act were in place. The supply-side effect due to bST that were given bST experienced increases in milk was incorporated into the model using information yields by as much as 25 percent (Animal Health on adoption rates, yield response, and costs from Institute).
previous studies. The demand-side effects due to Over the past several years, there have been many bST were modeled based on the results from two studies that have analyzed the potential economic studies: (1) McGuirk, Preston, and Jones, and (2) impacts of bST (e.g., Fallert et al.; Kaiser and Tauer; Kaiser, Scherer, and Barbano. Kalter et al.; Lesser et al.; Magrath and Tauer; Marrion and Wills; McGuckin and Ghosh; Schmidt; METHODOLOGY Tauer and Kaiser; Yonkers et al.) .
All of these studies
The methodology used to analyze the various bST have focused on the supply-side effects of bST, while scenarios consisted of a dynamic econometric model assuming that there would be no demand-side efof the national dairy industry, and a set of simulation fects. However, several recent reports have sugprocedures that (a) incorporated bST into the supply gested that there could be a sizeable decrease in and demand equations, (b) forecasted all exogenous demand for milk if bST is adopted (McGuirk, Preand predetermined variables, and (c) determined anston, and Jones; Preston, McGuirk, and Jones; nual equilibrium values for all endogenous variSmith; McGuirk and Kaiser). These studies have ables. It was assumed that the national dairy market shown that a significant number of consumers perconsists of an aggregate farm sector and an aggregate ceive milk from cows given bST to be unsafe or retail sector, which is similar to the structure used by undesirable and feel that bST should not be apKaiser, Streeter, and Liu. Within this framework, proved. To date, there has not been research linking dairy farmers produce and sell raw milk to retailers of dairy products. The retail market is subdivided
To correct for autocorrelation, a first-order autoreinto two groups based on the type of products being gressive error structure was imposed. processed and sold. Class I (fluid products) retailers
The production per cow (PPC) equation was estiprocess and sell fluid products directly to consumers, mated using OLS as a function of production per cow and Class II (manufactured products) retailers procin the previous year, the real average milk price ess and sell manufactured dairy products directly to lagged one year, real feed costs, and a trend variable consumers. Additionally, the two major federal pro-(T). Lagged production per cow was used to reflect grams that provide economic regulations for the dynamic adjustments in milk yields over time, and dairy industry-the federal dairy price support and real feed costs represented the most important varifederal milk marketing order programs, were asable cost influencing milk yields. The trend variable sumed to be in effect. ' was used as a proxy for genetic improvements in The econometric model used national annual time cows over time. series data (1960 through 1989) on retail and farm
The retail manufactured market consisted of retail market variables to estimate supply and demand manufactured demand and supply equations, which functions for the U.S. dairy market. To simplify the were estimated simultaneously using two-stage least estimation of the model, it was assumed that farmers squares (2SLS) to correct for bias due to price and expect the milk price in the next year to be the price quantity being determined simultaneously. An incurrently observed. This assumption, which is often strumental variable was constructed for the retail used in dairy models (e.g., Chavas and Klemme), manufactured price (P m ) by regressing it on two allowed the farm supply to be estimated indeexogenous.variables: the support price (SP) and the pendently from the retail market because the lagged average hourly wage in the manufactured sector (W). milk price is exogenous. The following describes the To deal with autocorrelation, a first-order autoreresults of the econometric model and the simulation gressive error structure was imposed. The resulting procedures in detail.
predicted value for the retail manufactured price (Pmin) was used as an instrumental variable in the The Econometric Model retail manufactured supply and demand equations instead of the actual retail manufactured price. Table 1 presents the econometric results for the Retail per capita manufactured demand (Qd/POP) estimated equations, and Table 2 defines all variables was estimated as a function of the real retail manuused in the model. The coefficients for all variables factured priceinstrument, realretailpriceforfatsand have the expected signs, and the estimated equations oils (),real per capita disposable income (Y) appear to fit the data quite well based on the adjusted percentof population under 19years old(Al),anda coefficient of variation.
time trend. The real retail price of fats and oils was The two estimated equations in the farm market used as a proxy for manufactured product substiwere cow numbers and production per cow. The cow tutes, and the percent of people under 19 years old number equation (CN) was estimated using ordinary reflected the lower consumption of manufactured least squares (OLS) as a function of cow numbers in dairy products in this age bracket since 1960. The the previous period, real average farm milk price time trend was used as a proxy for changing conlagged one year (Pfm.l), real dairy feed costs (FC), sumer tastes away from high-fat products. and a policy dummy variable corresponding to the An important retail manufactured supply determiyears that the Dairy Termination Program (DTP) was nant is the Class II price (P") paid by retail suppliers. in effect.
2 The use of cow numbers in the previous Because P" was endogenous, an instrumental variyear reflected capacity constraints on the national able was constructed by regressing it on the support dairy herd, while dairy feed costs corresponded to price and a time trend. The resulting predicted value the major variable cost faced by dairy farmers. The (P"in,) was used in the retail fluid supply function in policy dummy variable captured the significant replace of the actual Class II price. Other retail manuduction in cows in 1986 and 1987 due to the DTP. factured supply determinants included supply in the previous year, the real retail manufactured price wage in the manufactured sector. To deal with autoinstrument, and a time trend. Lagged retail supply correlation, a first-order autoregressive error strucwas included to capture short term production conture was imposed. As was the case with the straints on manufactured supply, and the time trend instrumental variable for the retail manufactured was included to capture supply shifters such as price, the predicted values for the retail fluid price changes in technology. To correct for autocorrela-(Pfs) replaced the actual fluid price as an instrumention, a first-order autoregressive error structure was tal variable in the retail fluid supply and demand imposed.
equations. The retail fluid market consists of retail fluid deRetail per capita fluid demand (Qfd/POP) was estimand and supply equations, which were also estimated as a function of the real retail fluid price mated using 2SLS. An instrumental variable was instrument, real price of nonalcoholic beverages constructed for the retail fluid price (Pf) by regress-(pb), real per capita disposable income, percent of ing it on the support price and on the average hourly population between 45 and 64 years old (A 2 ), and a 273 time trend. The real price of nonalcoholic beverages (Pns + D) was used in the retail fluid supply function was used as a proxy for fluid substitutes. The percent in place of the actual Class I price. Other retail fluid of people between 45 and 64 captured the decline in supply determinants include supply in the previous fluid milk consumption in this age group, and the year, the real retail fluid price instrument, and the time trend was used as a proxy for changing conreal energy price index (Pe). Lagged retail supply sumer tastes away from high-fat products.
was included to capture short term production conAn important retail fluid supply determinant is the straints on fluid supply, and the real energy price Class I price paid by retail suppliers, which was index was a proxy for energy cost, which is another endogenous. At the national level, the Class I price important determinant of supply. was equal to the Class II price plus a fixed fluid differential (D). As a result, the national average Simulation Procedures fixed fluid differential ($2.30 per hundredweight)
The farm market was defined by the estimated cow was added to the instrumental variable constructed number and production per cow equations, one idenfor the Class II price to obtain the Class I price tity (milk marketings, the product of cow numbers instrumental variable. The resulting predicted value times production per cow times 98.5 percent), and 274 an equilibrium condition requiring milk marketings Credit Corporation (CCC) under the dairy price supto equal commercial fluid and manufactured demand port program.
4 plus government purchases of dairy products via the While processors must pay the class prices, the dairy price support program. Based on the cow nummilk price received by all farmers was equal to the ber equation in Table 1 , the number of cows in any weighted average of pI and pn, where the weights year t was defined by the following equation:
were the percent of fluid and manufactured market utilization. That is, the average farm milk price in (1) CNt = CNi 9 ? 1 pmi06l FCt 08 . year t was defined by:
The supply-side effect of using bST was incorpo-(5) t = P" t ((Q' + CCCt)/MILKt) rated by multiplying the estimated production per + PIt (Qft/MILK). cow equation in Table 1 by one plus the product of the average increase in milk yields of treated cows
The retail fluid market was defined by the retail due to bST (I) times the cumulative adoption rate fluid demand function, retail fluid supply function, (C). Production per cow in any year t was therefore and an equilibrium condition requiring demand to defined by the following equation:
equal supply. The equilibrium fluid price (Pf) equation was generated by setting the supply equation (2) The use of bST will increase variable costs as feed and labor costs increase and there is the added cost ( of purchasing bST. This was incorporated into both exp [( )/( -) the production per cow and cow number equations by increasing feed costs by the assumed percentage where Pot was the fluid supply intercept in year t, increase in variable costs due to bST.
aot was the fluid demand intercept in year t, (a was Milk marketings was the product of cow numbers the estimated price coefficient for the fluid demand and production per cow. However, because about 1.5 equation (-0.4756) , and Pi was the estimated price percent of milk production is used on the farm, where CPIt was the retail consumer price index for (4) MILKt = Qft + Qmt + CCCt, all items, and all other variables were as defined in Table 2 . This price was computed for each year and where Qf and Q m were the equilibrium fluid and was substituted into either the supply or demand manufactured quantities in the commercial market, function to obtain the equilibrium quantity of fluid and CCC was net purchases by the Commodity products (Qf).
3It was assumed that the percentage of milk that is used on the farm is the same for the bST scenarios as it is with the no-bST case. While the percent of milk production used on-farm would likely be smaller under bST than no bST, this difference would likely be small relative to total production. Hence, no adjustments were made for this parameter among scenarios. 4 The government stock policy of selling products back to the market when the market price is high enough was not modeled here, and consequently net CCC purchases were constrained to be greater-than-or-equal-to zero. In years in which the equilibrium values generated negative net CCC purchases (i.e., competitive solutions), the following iterative procedure was performed. One penny was added to the Class II (and hence Class I) price and the equilibruim values were recomputed. If net CCC purchases were still negative, then another penny was added to the two class prices and the process repeated itself until net CCC purchases became zero.
The retail manufactured market was defined by the Table 3 . For are given in parentheses. The intercept is deleted in some equations where it was not statistically significant some equations, variables are omitted because they t the 10% level. were not statistically significant. The 1990 values were used to initialize the lagged dependent vari-276 ables appearing in the retail supply, cow number, and which corresponds to the historical average of the production per cow equations.
1980s. To put this assessment on a hundredweight It was assumed that support price adjustments each basis, the total cost was divided by total milk maryear are based on the provisions of the 1990 FACT ketings measured in hundredweights. Act. This Act requires the support price to be no lower than $10.10 per hundredweight. In addition, ModelValidation the support price is increased by $0.25 per hundredTo determine the validity of the dairy model in weight if net CCC purchases are predicted to be evaluating the various scenarios, the model was dybelow 3.5 billion pounds of milk equivalent for the namically simulated to assess its ability to replicate forthcoming calendar year.
5 Alternatively, the suphistorical values for the endogenous variables. The port price is decreased by $0.35 per hundredweight time period chosen for this dynamic in-sample simuif net CCC purchases are predicted to be above 5.0 lation was 1980-1990, and the following procedures billion pounds, provided that this adjustment does were used. First, all exogenous variables in the not result in the support price being lower than model were forecasted for the period 1980-1990 $10.10.
using initial values of 1978 and 1979 intheestimated In addition, there are two assessments on farmers' forecast equations. Second, the actual support price milk marketings under the law. The first assessment, was substituted into the Class II price equation to authorized by the Budget Reconciliation Act, reobtain the Class II and Class I prices. Third, the quires producers to pay $0.05 per hundredweight in predicted values for the exogenous variables and the 1991, and $0.1125 per hundredweight for 1992
Class prices were substituted into the retail fluid and through 1995. This assessment is refundable to the manufactured supply and demand equations. Equifarmer the next year if milk marketings do not reach librium values for the fluid quantity (Qf) and price the previous year's level. The assessment and refund (P) were obtained by equating fluid supply to dewere incorporated into the simulation model by submand, solving for the equilibrium Pf, and substituttracting the assessment from the equilibrium farm ing the equilibrium Pf into the demand equation. milk price and adding back the amount of the preSimilar procedures were used to derive equilibrium vious year's assessment when milk marketings devalues for manufactured price (P") and quantity creased from the previous year. The second (Q m ). Finally, to obtain the raw milk supply for the assessment is a "co-responsibility assessment" that subsequent year, the average farm milk price (pfm) requires producers to pay for the cost of CCC purwas generated by substituting the equilibrium values chases in excess of seven billion pounds. This assessfor pI, P", Qf, and Q m into the all-milk price formula. ment was incorporated into the simulation by using
The resulting farm milk price was then substituted the following iterative procedures. First, net CCC into the cow and production-per-cow equations purchases were calculated using the support price along with the relevant predicted exogenous varidetermined by the provisions above. If net CCC ables to determine the next year's milk supply. This purchases were below seven billion pounds, then no process was repeated for each year over the period co-responsibility assessment was applied. On the 1980 through 1990. other hand, if net CCC purchases were above seven
The root mean square percentage error (RMSPE) billion pounds, the cost of removing the excess puris presented in Table 4 . It is clear that the model did chases was calculated. This cost was calculated as a reasonable job in replicating all historical values the product of net CCC purchases in excess of seven for endogenous variables except government costs. billion pounds, times the support price, times a markThe RMSPE for all variables except net CCC purup to reflect the total net monetary costs of removing chases range from 2 to 7.8 percent. These figures are one hundredweight of milk (i.e., the make allowance quite respectable considering that the model was plus storage and handling plus transportation minus predicting over a ten year time period. The RMSPE receipts from any sales back to the domestic or on net CCC purchases, however, was 51.5 percent. foreign market).
6 This mark-up was set at 30 percent, However, this was due to the relatively small magni- if bST were approved. After adjusting the results based on whether the respondent was aware of bST tude of the variable in question (i.e., a modest deviaprior to the survey, the Virginia results indicated that tion from the historical value would result in a rather consumers would decrease milk purchases by an high RMSPE). On the basis of dynamic in-sample average of 3.0 percent 7 , while the New York State forecast, it appears that the model did a respectable study indicated that consumers would decrease milk job of tracking what actually occurred in the market purchases by an average of 5.5 percent if bST were over the 1980s.
approved and adopted by farmers. Because there was no national estimate of how milk purchases would The bST Parameters The bST Parameters decline under bST, the average of these two states The impact of bST on milk production will depend (4.25 percent) was used as a proxy for the national upon: (1) the average increase in milk yield in average decrease in milk demand in response to bST. treated cows, (2) the rate of adoption, and (3) the Because there is some regional variation in milk average increase in variable costs due to bST. It was consumption throughout the United States, it would assumed here that the average increase in milk yields be more desirable to have a national estimate of the due to bST is 10 percent, which is consistent with fluid demand-side effect of bST based on a national other published results, e.g., Schmidt. The following survey. However, the two-state average is probably cumulative adoption rates in terms of percentage of a reasonable proxy for the national average bST bST-treated cows were assumed: 5 percent of cows demand effect considering-that it covered 1,323 conin 1. 992, 15 percent in 1993, 35 percent in 1994, and sumers from all areas of these two states. 50 percent in 1995. This pattern of adoption folWhile manufactured demand will probably be aflowed a logarithmic pattern, which is consistent with fected by bST, there is no estimate of the size of the theory of how new technology is adopted. The potential impact. To deal with this, two scenarios adoption rates fell between the relatively high rates were considered. In scenario 3, it was assumed that of Lesser et al. and the relatively low rates assumed there is no change in manufactured demand, while by Schmidt. Finally, it was assumed that the increase in scenario 4, it was assumed that there is a decrease in variable costs associated with cows treated with in manufactured demand that is equal to 50 percent bST was 7.5 percent. This percentage was derived of the decrease in fluid demand. A scenario with 100 by using an increase in feed costs of 3.8 percent and percent of the fluid demand decrease for manufac-7 These results were adjusted for consumer awareness of bST by taking the average decrease in fluid milk purchases indicated by survey respondents and multiplying this by the percentage of respondents who had read or heard anything about bST prior to the survey. The rationale for this was that not all consumers will be aware of bST if it is approved and adopted and such consumers will not alter their milk consumption patterns. This adjustment procedure assumed no difference in bST awareness level between the time that the survey was conducted and the time that bST is ultimately approved. For Virginia, only 16.6 percent of respondents had read or heard of bST. The average unadjusted responses for how weekly purchases of milk would decrease were 17.8 percent (McGuirk, Preston, and Jones) for Virginia, and 15.6 percent for New York State (Kaiser, Scherer, and Barbano) . tured demand was not included because manufacincreasing from $17.52 billion in 1991 to $21.80 tured dairy products will not likely have as large a billion in 1995. These results suggest that if bST negative demand-side effect as the more visible fluid were not available, the 1990 Farm Act would lead to products. a supply-demand balance without causing hardship To incorporate the bST demand-side effect, the to farmers as a group. intercept terms in the two retail demand functions On the other hand, this conclusion does not hold were reduced so that the reduction in the 1992 equiwhen bST is available. In the second scenario where librium quantity (first year bST is available) was there was no demand-side effect, net CCC purchases equal to the assumed decrease in consumption due exceeded six billion pounds in every year of the to bST. For example, for fluid demand the intercept simulation (see Table 5 ). Annual net CCC purchases term (cot) was reduced by an amount which would were held somewhat under control due to two trigmake the equilibrium fluid quantity for 1992 4.25 gered assessments of $0.27 and $0.16 per hundredpercent less than it would be without bST. A similar weight in 1991 and 1992, respectively, to pay for procedure was used in scenario 4 with the manufacexcess CCC purchases. Also, the assessments under tured demand intercept term so that the equilibrium the Budget Reconciliation Act were triggered each manufactured quantity was 2.13 percent less than it year because milk marketings increased in every would be without bST.
year from 1991 to 1995. The situation was significantly worse when a demand-side effect to bST was RESULTS considered. For example, in the third scenario where The results of the first scenario, which are prethere was a negative 4.25 percent shock in fluid sented in Table 5 , suggest that if bST were not demand in 1992, net CCC purchases were ten billion available, the 1990 FACT Act would be quite effecpounds or more throughout 1991-1995 (Table 5) . tive in reducing milk surpluses as measured by net Even with producer assessments, net CCC purchases CCC purchases under the dairy price support prowere above ten billion pounds due to increases in gram. In this case, net CCC purchases remained production and decreases in fluid consumption. If relatively high in 1991, but fell significantly for the one allows for a manufactured demand-side effect, rest of the simulation period, eventually approaching then net CCC purchases were even higher in every zero in 1995. Two assessments were required in 1991 year, averaging just under 13 billion pounds for and 1992 to pay for net CCC purchases in excess of 1992-1995 (Table 5 ). It appears that the 1990 FACT seven billion pounds, but for the remaining years net Act would not be very effective in keeping supply in CCC purchases were well below the seven billion balance with demand if bST is approved and there is pound trigger level. In fact, two consecutive $0.25 a negative response in demand. increases in the support occurred in 1994 and 1995 There were gainers and losers due to the introducbecause net CCC purchases were predicted to be tion of bST. Consumers were better off in the sense below 3.5 billion pounds at the previous year's supthat retail prices were lower in all three bST scenarport price for those two years. By 1995, the market ios than they were in the case of the no-bST scenario. became quite competitive, with the government reThis was especially the case for scenarios 3 and 4 moving no dairy products and the farm milk price where there was a demand-as well as a supply-side rising to $14.78 per hundredweight.
effect. This was also more evident for the fluid The balance between supply and demand in the market because the demand and supply price elasfirst scenario was accomplished by a 1.9 percent ticities were more inelastic than those in the manudecrease in milk marketings, while commercial defactured market. On the other hand, consumers who mand increases by 5.1 percent during the period decrease their purchases of milk and dairy products 1991-1995. The decrease in milk production was because of negative perceptions of bST may be caused by cow numbers declining slightly faster than worse off under the bST scenarios because they have the increase in milk yields. All of the increase in negative perceptions about milk from cows given commercial demand occurred in the manufactured bST. market, where demand rose by 8.9 percent compared Farmers, as a group, were marginally better off with a 0.9 percent decrease in fluid demand.
under bST with no demand-side effect in terms of The economic well-being of farmers improved gross income, while marginally worse off under bST marginally over time in the scenario without bST if there was a demand-side effect. Farm milk prices because of a consistent increase in the effective farm were higher without bST because supply was more milk price each year. By 1995, the effective farm in balance with demand. However, production was milk price was 26.9 percent higher than it was in higher with bST and the net effect was that there was 1991. Gross farm income followed the same pattern, little difference in gross income among most scenar aAverage milk price net of co-responsibility levy and Budget Reconciliation Act assessment.
ios. The exception to this was comparing the no-bST effective farm milk price are the variables that are scenario and the bST with fluid and manufactured significantly affected by the demand-side effect. The demand effects scenario. In this case, gross farm demand-side effect also has an impact on all other income without bST is 6 percent higher, on average, variables as well, but not as drastic. The major imthan it is with bST for the period 1991-1995. plication of this is that impact analyses of bST should Taxpayers were the principal losers if bST is introconsider the demand-as well as supply-side effects duced. Annual net monetary costs of the dairy price of biotechnology. support program averaged $436 million from 1991-1995 if bST is not available. If bST was available, SUMMARY the annual average net monetary costs of the price support program were $746 million in scenario 2,
The purpose of this article was to examine the $764 million in scenario 3, and $799 million in potential market impacts due to bST when both scenario 4. Under all bST scenarios, the net monesupply-and demand-side effects are taken into actary costs of the dairy price support program were count. A model of the national dairy industry was almost double what they would have been without used to simulate equilibrium price and quantity valbST.
ues at the farm and retail levels from 1991 to 1995 It is clear from these results that the demand-side for several scenarios involving bST. It was assumed effect due to bST has a major effect on market that the provisions of the 1990 Food, Agriculture, variables. In particular, net CCC purchases and the Conservation, and Trade Act were in effect. 280
The results indicate that if bST is not available pie, net CCC purchases under bST with no demandbetween 1992 and 1995, then the 1990 FACT Act side effect averaged about 7.8 billion pounds per will be very effective in keeping milk supply in year in the simulation. In the case where there was a balance with demand. However, if bST is available, decrease in both fluid and manufactured demand, net milk surpluses will be a major problem for the dairy CCC purchases were 58 percent higher on average industry. Furthermore, the potential demand-side ef-(12.3 billion pounds). The major implication is that fect due to bST is as important to this problem as the impact analyses of bST should consider the demandproduction enhancement effects of bST. For examas well as supply-side effects of biotechnology.
